Plasma tumour necrosis factor alpha (a) concentration is increased in acute Gram negative sepsis, but the effect of chronic infection on plasma concentrations is unknown. A study was carried out in patients with cystic fibrosis to determine the effect of chronic lung infection with Pseudomonas aeruginosa on the plasma concentration of tumour necrosis factor and two other indicators of the inflammatory response, circulating C reactive protein and neutrophil elastase-a, antiproteinase complex (elastase complex). The concentration of immunoreactive tumour necrosis factor in plasma was greater than the upper 95% confidence interval for healthy
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Tumour necrosis factor alpha (a)-cachectin is synthesised and secreted by monocytes and macrophages in response to bacterial endotoxaemia both in animals and in man. '13 In animals tumour necrosis factor is a mediator of septic shock and multiple organ failure, and its effects may be abolished by passive immunisation with antibodies to recombinant tumour necrosis factor.34
The concentration of bioactive tumour necrosis factor in serum is increased in patients with meningococcal meningitis and septicaemia and absolute concentrations have been shown to predict survival.56 Serum concentrations of other cytokines, including interleukins 1 and 6, were also increased and had prognostic value.6 Serum tumour necrosis factor was also increased in patients with falciparum malaria and the concentrations were related to severity as assessed clinically. 7 In all these conditions the increase in tumour necrosis factor was associated with an acute infective disorder and a high mortality rate, but tumour necrosis factor may also be increased in chronic parasitic conditions.8
The lungs of patients with cystic fibrosis are infected in the later stages with Pseudomonas aeruginosa, and the acquisition of this organism is a major determinant of survival.9 10 Concentrations of circulating tumour necrosis factor may be increased in such patients but its relation to the host inflammatory response and lung injury is unknown."
To determine the effect of chronic infection with P aeruginosa on circulating tumour necrosis factor and its relation to other indicators of the inflammatory response we measured immunoreactive tumour necrosis factor in plasma from patients with cystic fibrosis. Changes in tumour necrosis factor concentrations were compared with two other indicators of the inflammatory response and lung function over 12-14 months. The effect of antibiotic treatment on circulating concentrations of tumour necrosis factor and other inflammatory markers was determined at the time of deteriorating respiratory function.
Methods

PATIENTS
Fourteen patients (aged 14-22 years) were studied prospectively. Cystic fibrosis was confirmed on the basis of clinical history and a positive sweat test result in infancy (Na+ and Cl-concentration > 60 mmol/l). All had chronic purulent sputum production, 13 were chronically infected with P aeruginosa, and the remaining patient progressed from intermittent to chronic infection during the study. Venous blood was taken at intervals of about two months over 12-14 months and more frequently when a symptomatic respiratory deterioration occurred and antibiotic treatment was started. Blood was collected into disodium kept on ice until separation. A serum sample was also obtained. Separation was completed within 30 minutes of collection and plasma and serum were stored at -70°C until they were assayed for tumour necrosis factor, neutrophil elastase-a, antiproteinase complex (elastase complex), and C reactive protein. The treatment ofrespiratory exacerbations was independent of these measurements, which were all made after completion of the 12-14 month study period. Antibiotic treatment was initiated when increased respiratory symptoms or signs occurred with deterioration in lung function. The choice of antibiotic was based on standard bacterial sensitivity testing and the supervising physician's preference.
The patient's clinical data for the whole period of observation were subsequently reviewed by an independent observer, who, unaware of the data on inflammatory markers, identified the most definite episode of pulmonary exacerbation. The criteria for an exacerbation were: an increase in sputum volume and purulence; a reduction of forced expiratory volume in one second (FEV,) of 15% or more from a previously recorded value when the patient was clinically stable in the preceding year; institution of antibiotic treatment. A period of clinical stability was identified, even though the patient was still infected, as a time of no antibiotic treatment, respiratory symptoms at a baseline level for that patient, and an FEV, of less than 15% below the best recorded value for the year.
A group of apparently non-infected, healthy volunteers (n = 32), their ages matched to within five years of the ages of the patients' with cystic fibrosis, were used to establish a normal range for circulating inflammatory markers.
ASSAYS
Tumour necrosis factor Ninety six well microtitre plates (Immunlon IV irradiated, Dynatec Laboratories Ltd) were coated with monoclonal antibody to tumour necrosis factor (1:1000) in bicarbonate buffer (pH 9-6) at 4°C overnight. Assay plates were blocked with 50 pl/well of 2% bovine serum albumin in phosphate buffered saline (PBS, pH 7 4) for one hour at 37°C. Assay plates were then washed with PBS buffer containing 0-01% Tween 20. Three rapid washes were followed by three three-minute soaks with the same buffer. Standard tumour necrosis factor (interim standard) or a sample (50 pl/well) diluted in PBS containing 0-1% gelatin and 0 05% Tween 20 was Plates were washed four times in borate saline buffer with a four minute soak during each wash period. Peroxidase substrate mixture, 100 pl/well, was allowed to act for 30 minutes at room temperature. This reaction was stopped by the addition of 3M sodium hydroxide, 50 pl/ well. Absorbance was read at 455 5 nm.
Each assay included eight buffer containing (zero tumour necrosis factor) wells per plate and a tumour necrosis factor standard curve from 2 5 to 80 U/ml, each concentration in duplicate. Plasma samples were assayed at 1:2 dilution in duplicate and quality controls were included with each assay. The tumour necrosis factor concentration of specimens was calculated from a regression line derived from the standard curve. Sensitivity, defined as the mean plus two standard deviations of the absorbance of the eight buffer containing wells, was 1 13 U/ml on the basis of 20 assays.
Other assays C reactive protein and elastase complex were determined by enzyme linked immunosorbent assays developed in our laboratory."213 The C reactive protein assay has a sensitivity of 7 3 ng/ ml and intra-assay and interassay coefficients of variation of 4 4% and 9-2% respectively in our laboratory. Elastase complex was detected in an assay dependent on capture of neutrophil elastase-a, antiproteinase complex by an antibody to human neutrophil elastase and detection with a biotinylated antibody to human a, antiproteinase. Intra-assay and interassay coefficients of variation are 6 For .the 32 healthy subjects the mean plasma tumour necrosis factor concentration was [1] [2] [3] [4] [5] [6] (95% confidence interval 0 8-2 6) U/ml, mean elastase-complex 0-27 (95% CI 0 22-0 32) Mg/ ml, and mean C reactive protein 1 28 (95% CI 0-79-1 79) pg/ml.
LONG TERM OBSERVATIONS
Patients were studied for a median of 347 (range 109-414) days. C reactive protein, elastase complex, and tumour necrosis factor concentrations varied within and between patients during the study (fig 1) . All patients had a raised tumour necrosis factor concentration on at least one occasion, though the median values for four individuals were within the range of those of the healthy subjects. Tumour necrosis factor concentrations were greater than the upper 95% CI for the healthy subjects in 129 out of 189 samples in the 14 patients with cystic fibrosis. C reactive protein and elastase-complex values also varied sub- 
Discussion
Plasma immunoreactive tumour necrosis factor was often increased in patients with cystic fibrosis and chronic P aeruginosa lung infection, confirming a previous report of isolated increase in plasma tumour necrosis factor in such patients." Our data extend that observation and show the chronic nature of the increase in circulating tumour necrosis factor. The sustained increase in tumour necrosis factor in some patients suggests that the inflammatory response does not adapt to chronic localised infection. This is supported by the finding that elastase complex and C reactive protein were also increased in most patients. The continued inflammatory process during periods of apparent clinical stability and symptomatic remission probably indicates that occult lung injury is occurring at this time. As tumour necrosis factor is a major regulator of the host inflammatory response its continuous secretion may be a factor in the lung injury associated with cystic fibrosis.'51'7
High concentrations of circulating tumour necrosis factor may represent either a spillover from a localised inflammatory response in the lung or wider systemic activation of cells of the monocyte-macrophage series in response to circulating antibody-bacterial endotoxin complexes. 8 Circulating tumour necrosis factor may be a factor in the systemic effects of chronic infection, such as the cachexia that characterises cystic fibrosis despite appropriate pancreatic enzyme replacement and dietary supplementation. Weight loss is often used as an indicator of deterioration and the need to treat with antibiotics, and weight gain is a feature of the response to treatment. 19 Increased plasma concentrations of tumour necrosis factor may influence body weight by acting as a circulating hormone. We cannot comment directly on the bioactivity of the tumour necrosis factor detected in this study, but the polyclonal detector antibody used in the enzyme linked immunosorbent assays neutralises tumour necrosis factor bioactivity The reduction of plasma C reactive protein and elastase complex concentrations that follows antibiotic treatment confirms earlier reports,2021 and the parallel change in tumour necrosis factor is in keeping with its suggested regulatory role in inflammation. Reduction in tumour necrosis factor and the secretion of other cytokines may have reduced the level of neutrophil activation and the secretion of acute phase proteins, such as C reactive protein. 6 17 A previous study found no significant difference in plasma tumour necrosis factor concentrations between 22 untreated patients with cystic fibrosis and pulmonary infection and six patients who had received antibiotic treatment. The difference between these findings and our own, in which antipseudomonal antibiotic treatment reduced plasma tumour necrosis factor concentrations, is likely to be due to the Figure 3 
